Background: Fear is one of the most widely studied emotions and is closely associated with the autonomic nervous system (ANS). Previous studies have proven that acupuncture directly impacts the ANS, influences the heart rate (HR) and the heart rate variability (HRV) and exerts other effects. The aim of this study was to explore the effect of Jianshi (PC5) and Neiguan (PC6) electro-acupuncture on HRV during fear-invoking auditory stimulation using an Actiheart ECG recorder.
Introduction
Fear may be the most widely studied emotion (Gullone et al., 1996) . It was systematically described by Charles (Borkovec and O'Brien, 1977) , Lerner (Momen et al., 2005) , and Etzel (Etzel et al., 2006) have reported an increase in heart rate (HR) during fear. HR changes are in response to the activation or suppression of the cardiac autonomic nervous system (ANS), which is synergistically mediated by the cardiac sympathetic and parasympathetic systems (Guo and Zhang, 2007 ). An increasing HR indicates cardiac sympathetic system activation or parasympathetic system suppression. Studies have suggested that the main effects of acupuncture include HR reduction and heart rate variability (HRV) alteration (Hsu et al., 2007) .
Robert Darwin in The expression of the emotions in man and animals (1872). Studies from Brokovec and O'Brien
HRV specifies the variations that occur within every cardiac cycle, as relayed by adjustments from the ANS to the cardiac sinoatrial node. HRV indexes thus reflect the activity balance of the sympathetic and parasympathetic systems is that acupuncture activates the parasympathetic system, which leads to HR reduction (Wang et al., 2002 , Litscher, 2010 . In a review aimed to explore the mechanisms of acupuncture, Anderson et al. (2012) has confirmed that despite varying research methods and the limitations of experimental conditions, acupuncture can increase HRV, which in turn indicates that acupuncture may reduce the incidence of cardiovascular disorders by balancing ANS activities.
Neiguan (PC6) is one of the most frequently used clinical acupoints (acupuncture points) and is important for treating cardiovascular disorders in clinical practice (Witt et al., 2012) . Recent investigations have also indicated that PC6 and Jianshi (PC5) are related to segments of peripheral ganglions relaying information from other internal organs to the heart. PC5 and PC6 converge at the plies of the spinal cord (especially V, VI, VII) in the central pivot (Tao et al., 1993) . It is also possible that nervous fibres of the cardiac partitions and those influenced by the PC6 stem from the same or adjacent cells in sympathetic and parasympathetic ganglions (Liu et al., 2002) . Nervous impulses produced by PC5 needling have been suggested to pass through median nerves II and III, to be integrated in the spinal cord, and then to directly or indirectly modulate cardiac autonomic nervous functions (Li et al., 2012) . Assuming these models describe a morphological basis of acupuncture's effect on the emotion of fear, we decided to study the effect of PC5 and PC6 electro-acupuncture on HRV during fear-invoking auditory stimulation using an Actiheart ECG recorder (Brage et al., 2005) .
Materials and Methods

Participants
Two hundred (100 male and 100 female) students from Southern Medical University were recruited from October 2013 to December 2015, with 80 subjects for the audio evocation effect experiment and 120 for the electro-acupuncture experiment. ( 
Blinding
Participants were not blinded during the investigational proceedings, but the researchers and statisticians were.
Audio evocation effect experiment
Emotional evocation
Only the auditory modality was stimulated to evoke the emotion of fear. All the subjects stayed alone in a quiet dark room, and visual stimulation was blocked by black goggles during the auditory stimulation.
Audio material
To evoke the fear emotion, we stimulated our subjects using a scary story and evaluated the effect by the 9-level Likert Scale, which contains 6 emotion descriptions from SAM ( 
Procedure of the audio evocation effect experiment
The 80 subjects (40 male and 40 female) were divided into a neutral and a fear-invoking group according to a random number table. After the subjects came to the laboratory, they had a 5-minute quiet rest before supplying personal information and signing the informed consent form. Subjects were then asked to lie down on the bed and to put on black goggles (Annan Carbon Technology MRX003-C011; Zhejiang, China) and earphones (SHE2550; Philips Electronic Singapore Pte, Ltd., Toa Payoh, Singapore). The lights were turned off, and no researcher was in the room, which meant the subjects were listening to the fear-invoking/neutral audio alone for 20 minutes. After the stimulation, the subjects were asked to complete the 9-level Likert Scale. All the subjects left after a 20-minute observation to ensure no discomfort occurred (Fig. 2 ).
Figure 2: Flow chart of the audio evocation effect experiment
Statistical analysis of the audio evocation effect experiment
The Mann-Whitney U Test was used to analyse the data from the 9-level Likert Scale between the two groups in the audio evocation experiment.
Results of the audio evocation effect experiment
In the neutral group, 3 ECG recordings were interrupted, 2 subjects fell asleep, and 2 subjects changed their positions so that recordings became unclear. In the fear-invoking group, 2 ECG recordings were interrupted, 2 subjects were too frightened to continue the experiment, and 4 subjects changed their positions so that recordings became unclear. These subjects were not included in the statistical analysis. The final number of subjects included was thus 65
(33 from the neutral group and 32 from the fear-invoking group).
The difference in fear level between the two groups showed that the fear-invoking auditory stimulation produced the fear emotion. However, both the neutral and fear-invoking audios induced a certain extent of interest among the subjects, which might be related to interest in the stories. Regarding the interest-related items, there were no differences between the two groups. All the above findings indicated that the fear-invoking auditory stimulation produced the fear emotion ( Table 1) . 
Electro-acupuncture experiment
The other 120 subjects (60 male and 60 female) here were divided into a control group and an electro-acupuncture group according to a random number table. Each subject participated only once in this experiment and should not have taken part in the experiment above.
Time and location
Time and location conditions were the same as the audio evocation effect experiment above.
Procedure of the electro-acupuncture experiment
The subjects had a 5-minute quiet rest in the laboratory before they completed the personal information forms and then signed the informed consent forms. One of the researchers then recorded their HR and asked the subjects to lie down on the bed in the supine position and to rest quietly for another 5 minutes. The skin of each subject was then cleaned at the level of the xiphoid process; subsequently, electrodes (Ambu blue sensor VL-00-S, Ambu A/S, Ballerup, Malaysia) were attached and connected to the Actiheart recorder (Cambridge Neurotechnology, Ltd.). The HRV was recorded before, during and after the audio, as well as before, during, and after the electro-acupuncture. Before the HRV recording, the PC5 and PC6 were located and marked in each subject's hands in the electro-acupuncture group, in accordance with the WHO Standard Acupuncture Point Location in the Western Pacific Region (World Health Organization, 2008). The skin was then sterilized with 75% alcohol, and tube needles (Φ 0.30×25 mm, Tianxie, Suzhou, China) were inserted to a depth of 15±2 mm. After the needles were inserted, the tube was carefully removed, the twirling method was adapted to generate a needle sensation.
PC5 and PC6 on the same side were then connected to the Han Electric acupuncture apparatus (LH202H, Huawei Industrial Development Limited Company, Beijing, China), and the stimulus frequency was set at 2/100 Hz with disperse-dense wave; the current intensity depended on the subject's tolerance or was increased until the skin moved slightly. By contrast, subjects in the control group lay down without any of these interventions. After the stimulation, all subjects remained in the supine position for 20 minutes. All the subjects left after a 20-minute observation to ensure that no discomfort occurred (Fig. 3 ). 
Statistics Data export and processing
The data were exported to a computer through a short range analysis on Actiheart ECG recorder software. The sampling period of the indexes was set at 5 minutes. The selective time span (Fig. 4) 
Statistical analysis
A descriptive analysis of the data was performed using the mean ± SD (x±s). The frequency-domain indexes VLF, LF and HF were subjected to logarithmic transformation (ln). All analyses were performed using SPSS 20.0 (IBM Corporation, Armonk, New York, USA) by a statistician blinded to the experimental allocation. The Kruskal-Wallis H test was used for data of all emotion items from the 9-level Likert Scale in the electro-acupuncture experiment. Indexes of HRV between the electro-acupuncture group and the control group were analysed using the Bonferroni-corrected Mann-Whitney test.
Results
Baseline information of the electro-acupuncture experiment
During the electro-acupuncture experiment, 2 ECGs of the control group were interrupted, 2 subjects fell asleep, 3 subjects changed their positions so that the recordings became unclear, and 2 subjects were too frightened to continue the experiment. In the electro-acupuncture group, 1 ECG recording was interrupted, 1 subject changed his position so that the recordings became indistinct, 1 subject was too frightened to continue, and 3 subjects could not tolerate the minimum quantity of stimulus required for the electro-acupuncture. These subjects were not included in the statistical analysis. The final number of subjects analysed was thus 105 (52 in the control group and 53 in the electro-acupuncture group).
The baseline information of the subjects is listed in Table 2 . There were no differences between the two groups in any indexes, including gender, age, height, weight, BMI, HR, and fear grade scores, before the experiment. 
Comparison of HRV between the electro-acupuncture group and the control group
During the electro-acupuncture, the SD, RMSSD and lnHF of the electro-acupuncture group were all higher than those in the control group (P<0.017). The remaining indexes did not significantly differ regardless of whether they were from before the audio, after the audio or after the electro-acupuncture (Table 3 ; Fig. 5 ). between the control group and the electro-acupuncture group, p<0.017.
Discussion
Our result suggests that PC5 and PC6 electro-acupuncture may increase HRV in the short term, as indicated by the higher RMSSD and HF components. RMSSD is a time-domain index that reflects the activity of the cardiac parasympathetic system (Zahn et al., 2016) . By contrast, the HF component is a frequency-domain index, mediated by the parasympathetic system (Anderson et al., 2012) and therefore is an indirect marker of the cardiac parasympathetic system (Billman, 2011) . This may indicate that PC5 and PC6 electro-acupuncture was able to activate the cardiac parasympathetic nervous system.
It is established that the fear emotion can stimulate a fight-or-flight response, activate the sympathetic system, stimulate the secretion of adrenaline, and increase the HR, i.e., increase sympathetic and decreased parasympathetic activities (Aslaksen et al., 2007) . In this study, the fear-invoking audio story stimulated the fight-or-flight response through the activated sympathetic system; subsequently, we electro-acupunctured at PC5 and PC6 on the scared subjects and found that a higher RMSSD and HF was produced, indicating that PC5 and PC6 electro-acupuncture could activate the parasympathetic system. The HR is controlled by the cardiac sympathetic and parasympathetic systems;
activation of the parasympathetic system is supposed to reduce the HR, but in the present study, there was no significant reduction in HR as expected.
We suggest that this finding might be due to one or several of the following reasons: (1) The normal cardiac ANS always tries to balance the sympathetic and parasympathetic systems; when the parasympathetic system is activated, the sympathetic system will also activate to maintain the balance. There were large individual HRV differences among our healthy young subjects. (4) Factors affecting the HRV indexes (such as mental state, exercise, and sleep quality) that we did not control might have influenced the experiment. (5) The sample size of this study might have been too small.
In conclusion, PC5 and PC6 electro-acupuncture has an immediate effect on HRV in subjects who are exposed to fear-invoking auditory stimulation, increasing the RMSSD and HF component of HRV, which indicates that it may affect cardiac autonomic regulation, mainly via the parasympathetic system.
